Abstract-The authors have a lot researches about numerical simulation of resin transfer molding for resin-based composite materials based on unstructured grid in the past. In these researches the authors found while the grid is orthogonal, the simulation is agreed with facts. But the grid is nonorthogonal, the energy equation has great error due to being simplified, and the results are wrong. The mesh distortion is larger, the deviations are bigger. Therefore, this paper conducted a study about the calculation methods of the energy equation, and validated through case reasonableness and accuracy of the calculation method. The results show the improvement is effective.
I. INTRODUCTION
When simulating resin transfer molding of Resin-based composite materials using the control volume / finite element method (CV/FEM) in order to adapt to the different shape of parts, non-structured grids are often used, but calculated precision and grids has the very big relations due to diffusion of the energy equation. When the computational grid is the structured grid, the connection between the adjacent nodes and the common interface of control volume is orthogonal. So, the cross diffusion term of the energy equation is equal to zero. When grids are unstructured, the connection between the nodes and the boundary of the control volume is non-orthogonal, then cross diffusion is not zero, especially when the crossover is far from orthogonal, the cross diffusion has a great influence on the numerical results.
In most of the previous researches [1, 2, 3, 4, 5, 6] , the simulations were simplified by calculating the flow under the two-dimensional(2D) setting and assuming the heat diffusion to be only in the plane. Another previous researches [7, 8, 9 ]developed 2.5-dimentional (2.5D) non-isothermal models, which include the flow in plane and heat diffusion in the thickness for the thin parts based on the CV/FEM. In some other researches [10, 11] , the 3D simulation of filling was performed during the RTM using the CV/FEM based on regular structured mesh. There are also previous studies, say Refs. [12, 13] , focusing on applying the 3D Galerkin finite element methods to simulate the filling stage or the curing stage. Ref. [14] thinks that control volume method is no way to directly calculate the cross diffusion of common interface. Therefore, the cross diffusion term is not directly calculated from the integral of the diffusion term on the common interface.
The author has done a lot of research on the numerical simulation of Resin-based composite materials [15] [16] [17] [18] . In these studies, the numerical simulation can help the researches know and understand the RTM process. These studies contribute to find the relevant parameters affecting the process and optimize the way. In these researches, in order to improve the calculation accuracy, the structured hexahedral mesh was used and hence the flexibility of dealing with complicated shapes was not sufficient. Therefore.
II. CONTROL EQUATIONS
In this section, we present the basic control equations. For the non-isothermal RTM process under investigation, we make the following assumptions:
(1) The resin is an uncompressed liquid and its viscosity is a function of the temperature and curing ratio.
(2) The temperature of the resin and fiber is identical at each position.
(3) There is no resin before the flow front and the control volume is fully saturated after the flow front.
(4) There is a quasi-steady time window, in which the viscosity dissipation energy can be neglected. 
A. The Control Equation 1) The flow equation
At filling stage, Darcy's equation, which describes how the resin flows in the fiber, is still applicable. In the case, Darcy's law, which describes the flow within the mold, can be written as follows:
Where,   is the Darcy velocity vector, K is the permeability tensor, P  is pressure gradient, which is a function of the resin temperature and degree of cure given below: d are two constants, R is the gas constant, and T and a are the temperature and the degree of cure, respectively.
Based on the quasi-steady state assumption, the mass balance equation at each node is given by:
Where,  is the mass density, t is time.
The possible boundary conditions are: (1 )
Where,  is the porosity, r  and f  are the resin density and the fiber density, respectively, ρr c and ρf c are the resin specific heat and the fiber specific heat, respectively,
k is the whole heat conductivity of fiber and resin, which can be expressed as:
The boundary conditions are given as:
at the mold wall.
3) The chemical equation
While resin is curing, the resin chemical reaction follows the chemical equation and that is written as :
The boundary conditions are given by
B. The Numerical Formulation
Before the control equations are used to simulate the RTM process, it must be integrated in the control volume. At the past, the structure mesh is good for part of rule shape. The calculation accuracy is ensured, also. While the part is not rule, the structure mesh is unfit for simulating. So, the unstructured mesh has wide adaptability for shapes of part. While the calculation accuracy is closed related with the grid. The unstructured mesh can lead to the error of calculation results. The main reason is the cross diffusion term of energy equation exists. The size of the value has closely related with the orthogonal relation between the element nodes and the cell boundary. If the orthogonal is existence, the cross diffusion needs not considered. But it can not be ignored for the non-orthogonal grid. Especially when the cross is far away from the orthogonal, the cross diffusion has a great influence on the numerical results, which can not be zero.
Literature [14] shows that the control volume method is not a direct and accurate calculation of the cross diffusion on the common interface. Therefore, this paper does not directly calculate the cross diffusion term in the public interface from the integral of the diffusion term.
The whole derivation process is based on the orthogonal grid. By introducing the non orthogonal quantity, the improved discrete scheme is derived.
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As shown in Figure 1 , the P control volume (CV) and the adjacent E CV public interface has two, namely: FN and NM edge.
FIGURE I. THE P CV AND THE ADJACENT E CV
For the discretization of the energy equation, each part separately carries on the numerical integration, and finally all are carried on the combination assembly to obtain the final control equation the discrete format.
1) Discrete of instantaneous term
The first item on the left of the differential equation. (3) is the integral of the instantaneous term by use differential method:
Where, 0 is the result of the calculation of the previous time step, and S  is the area of the control section.
2) Integral of convection term
The convection term of the energy equation is integrated by the first order upwind scheme. As Fig 1 shown: For all adjacent control volume of the control volume P, the integral of convection term in control volume can be obtained:
Where, s N is the number of controls that are adjacent to the control volume.
Also,
Formula (9) is introduced to formula (8), and gets: Then the source terms are integral, and get:
4) Integration of diffusion terms
The first item on the left side of the equation is heat transfer by diffusion. According to Green Equation,, 
a) When the connection between the nodes and the boundary of the control volume is orthogonal:
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b) When the connection between the nodes and the boundary of the control volume is non-orthogonal:
C is cross diffusion term on a common interface.
By the formula (18), we can see that the diffusion term is mainly composed of two parts, namely, the main part and the cross diffusion diff C on the common interface. The main part of the diffusion is direction ratio to temperature difference between adjacent control volumes, and inclined to the distance between the two controls. Therefore, the derivation of the cross diffusion term at the common interface can also be considered.
For the cross diffusion for 23-edge of a common interface, the cross diffusion term is proportional to the temperature gradient between the two adjacent control bodies. So:
T is the temperature of E at the end of a time step, and 0 P T is the temperature of P at the end of a time step.
Secondly, basing on the derivation of the diffusion terms in the front, The size of the cross diffusion term is related to the orthogonal relationship between the edge 23 and PE connections, and when the edge 23 and PE are connected with the orthogonal or close to the orthogonal, 1 diff 0 C  .Or else, the cross diffusion term is greater. So:
In the end, cross diffusion terms on the common interface can be expressed as follows:
Formula (21 ) is write specific expressions, that is:
Where, X and Y are the coordinates of each point, respectively.
For the cross diffusion of the 12-edge , can be expressed as follows:
Finally, the cross diffusion terms on the common interface between the P controller and the adjacent control volume E can be expressed as follows:
The formula (22) is introduced into the numerical integration of the diffusion term, that is, the formula (18), which can be improved by the numerical model of the energy equation under non isothermal conditions. According to the improved numerical model, the calculation accuracy of the temperature field is improved.
Integrated formula (5), formula (8), formula (11) and formula (16) , in the time of the full implicit time integration scheme, and finally get the energy equation in the unstructured grid of two-dimensional discrete format:
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 Since the first-order upwind scheme is used, so: 
The chemical equation can be deduced like the aforementioned, and gets:
The calculation flow chart is shown in Figure 2 .Using the non isothermal model which was derived from the author's previous works, and the injection process and the material parameter are from literature [19] , as Tab 1 shown, the numerical simulation was carried out to verify the improved method above.
A. Modification of Non-isothermal Simulation of RTM Process
The case is provided by reference [19] . In the case, the part and position of resin inlet are shown in Fig 3. The improved calculation results are compared with the previous calculation results as shown in Figure 4 . [19] parameters Value Considering the cross diffusion in the common interface, the accuracy of the temperature field compared with previous work [15] is effectively improved. 
B. Modification of Curing Process Simulation
Another case is provided by reference [20] . The material parameters are described using [20] parameters Value Considering revision, the predicted temperature peak is very close to experimental value, about 1℃ error which is reduced by approximately 2 ℃ than the original prediction error, as shown in Figure 6 . Therefore, it can be said that considering the cross diffusion item in the discrete equation, the calculation precision is improved under not changing the calculation conditions. FIGURE VIII. THE TEMPERATURE AT THE END OF CURING Fig.8 accurately reflects the temperature inside and outside the part. Based on the temperature distribution, Product quality can be predicted accurately.
IV. CONCLUSION
During the derivation of the diffusion term of the energy equation, the cross diffusion term appears on the common interface between control volumes when they are not orthogonal, but the calculation is usually ignored in the past. In this paper, an approximate calculation formula of the cross diffusion term between non-orthogonal control volumes is proposed in order to improve the accuracy of numerical calculation. In the end, two numerical examples show that the method can effectively improve the accuracy of numerical calculation of temperature field.
